Porous metallic material has become a kind of typical multifunctional material with the quick development of advanced manufacturing and forming process technologies in past years. At present, it has also been a structural function material with the characteristics of ultra-light weight, high specific strength and rigidity. As a sound absorbing material in noise control engineering, the acoustical parameters of porous metallic materials, especially such as the sinuosity factor, viscous and thermal characteristic lengths, are relatively difficult to obtain directly from the measurements under the common experimental conditions. On the contrary， the sound reflection and absorption coefficients，and the normal surface acoustic impedance of porous metallic materials are easy to exactly measure in a standard acoustic impedance tube. As a result, this paper introduced the inverse methods in order to determine the acoustical parameters of porous metallic materials based on available sound absorbing models such as Johnson-Champoux-Allard model, Biot-Allard model, etc. Moreover, inverse methods based on Taboo search algorithm (TSA), simulated annealing genetic algorithm (SAGA) and linear regression (LR), were developed; by which the main acoustical parameters of some porous metallic materials were found out for use elsewhere as well. Finally, the results from the different inverse methods were in comparison with each other to validate the effectiveness of the aforementioned inverse algorithms.
Introduction
Due to the random or regular distribution of many inter-connected pores, porous materials can dissipate sound energy largely as acoustic waves impinge upon the surface of testing samples. In most cases, the frame of porous materials is regarded as rigid and the sound energy will be transformed into heat owing to the mechanism of viscous dissipation and irreversible heat transfer in air inside pores [1] [2] [3] . As for porous materials with elastic skeleton, sound energy is also damped owing to the vibration of pore wall or thin fibres in samples and therefore, a relatively minor part of acoustic energy is temporarily stored. More recently, with the quick development of advanced manufacturing and forming process technologies, porous metallic material has become a kind of typical multifunctional material. It has also been a structural function material with the characteristics of ultra-light weight, high specific strength and rigidity [1] . As a quite good sound absorbent in noise control engineering, the acoustical parameters of porous metallic materials, especially such as the sinuosity factor, viscous and thermal characteristic lengths, are relatively difficult to obtain directly from the measurements under the common experimental conditions. On the contrary ， the sound reflection and absorption coefficients，and the normal surface acoustic impedance of porous metallic materials are easy to exactly measure in a standard acoustic impedance tube. As a result, this paper introduced an inverse method in order to determine the acoustical parameters of porous metallic materials based on available sound absorbing models such as Johnson-Champoux-Allard model, BiotAllard model, etc. [2] [3] . Moreover, inverse methods based on Tabu Search Algorithm (TSA) [4] , Simulated Annealing Genetic Algorithm (SAGA) and Linear Regression (LR), were developed; by which the main acoustical parameters of three porous metallic materials were found out for use elsewhere as well. Finally, the results from the different inverse methods were in comparison with one another to verify the validity of aforementioned inverse algorithms.
Under conventional laboratory conditions, it is often difficult to obtain the main acoustical parameters of porous materials including those with metallic frame. In particular, for sinuosity, and two characteristic lengths, one has to apply ultrasound test method in researches [2] [3] . Normally, two kinds of experimental schemes are considered for the measurement of aforementioned acoustical parameters in literatures. The first scheme is to simultaneously extract the values or information of sinuosity, and viscous & thermal characteristic lengths from the captured ultrasound signals travelling through porous materials filled with different medium, e.g., air or Helium into the materials' pores. The second scheme is by filling only one type of medium into pores in testing sample, e.g., air, to deduce the above-mentioned acoustical parameters. However, the value of thermal characteristic length should be obtained in advance by using others methods such as BET (Brunauer-Emmett-Teller) [3] or inverse methods. In addition, the testing precision of the methods based on ultrasound test technique is also affected by signal-noise ratio, characteristic impedance of filling medium, and tuned ultrasound signal frequency. In this work, several inverse methods together with data from standard impedance tube measurement are mainly focused on to try to find out the reasonable evaluation for main acoustical parameters based on selected acoustic absorbing models. Although, the precision of the inverse method will mainly depend on the selection of acoustic models, yet it still provides an important reference for possible researches in acoustic absorbing materials. In inverse method, one will first measure the exact acoustic impedance or sound absorption coefficient data by using standard impedance tube technique. After that, the objective functions will be constructed and the responding boundary conditions for acoustic parameters are determined accordingly. The key step here is to develop a reasonable optimization search algorithm of fast global convergence speed and high convergence precision. According to the research in this work, Tabu, Simulated annealing genetic, or ant colony algorithm can achieve above expected goals, which will be introduced in the following subsections. Moreover, the selection of acoustic models is also one of the key steps. As an example, complete JohnsonAllard-Champoux model is given as follows [2, 5] : In above equations, and 0 are the effective density of air in pores in porous materials and the static equilibrium density of free air respectively. The symbol 0 stands for the static flow resistivity. Symbol K eff is the effective bulk modulus, k eff the complex wave number, d the thickness of samples, c the cross-sectional or viscous shape factor, ′ the length or thermal shape factor, the acoustic impedance at the rear face of testing sample, Z f the normal surface acoustic impedance of the sample, Z o the characteristic impedance of free air, ∞ the sinuosity factor, ω the angular frequency,  the dynamic viscosity of air, j=√−1, and B 2 the Prandtel number. Symbol R and A 0 stand for the sound reflection and absorption coefficients of porous materials at normal incidence, respectively. Viscous function is denoted by G j ().
Tabu search algorithm (TSA)
TSA (Tabu or Taboo search algorithm) provides a simple and effective procedure for solving global optimization problems involving continuous functions. It belongs to a global step-by-step search mechanism and was regarded as an extension of some local search algorithms. This algorithm can simulate the memory function of human kind by introducing a flexible memory structure and corresponding Tabu rules in order to avoid the searching in a roundabout way. At the same time, some tabooed solutions can be absolved by using aspiration criterions to again take part in searching process to keep the feasible solutions diversified, and in the end, find out a global optimal solution. Developing a TSA consists of the selection of coding mode, constructions of fitness-function, Tabu table, initializing solutions, and formulating the selecting strategy, the expectation level and the stop criterion. Due to its having robust global searching capacity, TSA has been widely used for solving some combination optimization problems such as production schedules, and travelling salesman problem (TSP) [4] . Equally, the problem incorporating continuous function optimization can also be solved by using TSA.
Based on above discussion, a Tabu search algorithm is put forth in this work for acoustical parameters inversion of porous materials. And two objective functions are formulated, with boundary constraint conditions of incorporating inequalities. The flow chart of the TSA is plotted in Figure 2 .
As shown in Figure 2 , one can look through the detailed process for inversing acoustical parameters of porous metals, which is summarized as follows:
(1) Set the valuing ranges for acoustical parameters of porous materials; (2) In feasible domain, perform global optimization search using continuous TSA and find out a set of feasible acoustical parameters. 
Two classic functions with multiple variables
In this subsection, two classic continuous functions with multiple variables are selected to verify the validity of this TSA. The function expression and valuing range for two variables (2-D function, see Figure 3 ) are given as follows:
Acoustics for the 21 st Century…
The function expression together with valuing range for three variables (3-D function, see Figure  4 ) is shown as:
In equation (11), 1 , 2 , 3 ∈[-5, 5], and 1 , 2 ∈[-100,100] for equation (12). And for these two continuous functions, only one global optimal solution (minimum) is available for them, i.e., all at origin of each coordinate system. It should be noted that for the 3-D function, there are some local minimum peaks and one global optimal point (minimum). However, after running algorithm programmed by Matlab, one may find out the global optimal point successfully, with results summarized in Table 1 . In computation, the maximum iteration step is 200, Tabu length is 10, step size of continuous variable is 0.01, and number of feasible solutions is 100. The robust and fast searching process of TSA for 3-D function is shown in Figure 5 . 
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Sound absorbing porous metals
In the following work, a TSA is developed for identifying acoustical parameters of a porous sintering metallic sample. Observatory data between 500 and 6400Hz is from normal surface acoustic impedance (Real part and Imaginary part included) measured by using standard twomicrophone transfer function technique. to a multiple objectives optimization problem under inequality constraint conditions. And the inequality constraint conditions are considered in inverse algorithm by means of the penalty function approach, see Reference [5] . In the TSA, the maximum iteration step is 500, the number of feasible solutions 100, the step size of continuous variables 0.01, and the Taboo length 10. As examples, in this work, main acoustical parameters of three samples are listed in Table 2 . After inverse computation, the identified acoustical parameters of samples are listed in Tables 3 and 4 . For comparison, the identified results based on simulated annealing genetic algorithm (SAGA) and measured data from the work by Atalla-Panneton (AP for short) are listed in Tables 3-4 at the same time [6] . Apparently, the results from three methods are very close to one another, which show that the developed TSA is quite valid for extracting acoustical parameters of porous samples under study. On the other hand, it is also shown that JohnsonAllard-Champoux model is more suitable for describing the sound absorption and propagation of the porous samples listed in Tables 3-4 . 
Conclusions
This paper presented an inverse method for identifying main acoustical parameters of porous materials such as porous metals or foam metals, based on acoustic model and TSA (Taboo Search Algorithm) conceived. Moreover, other inverse methods based on GA (Genetic Algorithm), SAGA (Simulated Annealing Genetic Algorithm) and linear regression (LR) that is for identifying static flow resistivity, were also studied. Finally, the results from different inverse methods were compared with one another to verify the validity of aforementioned inverse algorithms. The results of comparisons indicated that the inverse methods based on TSA, GA and SAGA mainly depend on the correct selection of acoustic models; however, they are quite valid for the samples under study and can still provide an important reference for future researches in sound absorbing materials.
